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EAST AFRICAN FISHERIFS RESEARCH ORGANIZATION
 
ANNUAL REPORT, 1953 
STAFF. 
Director . . • . . . . . . . . . R. S. A. BEAUCHAMP. 
Fisheries Research Officer . . . . . . . . MISS R. H. LoWE. 
Hydrologist .. .. ., .. .. .. G. R. FISH. 
Fisheries Research Officer . . . . . . P. H. GREENWOOD. 
Research Officer .. . . . . . . . . . . . . VACANT. 
Malacology, Parasitology and lAboratory Maintenance C. C. CRIDLAND. 
Fishery Work, Maintenance of Boats, Technician .. J. D. ROBERTS. 
Secretary .. . . . . . . . . . . MISS K. C. BURFORD. 
Assistant Secretary . . . . . . . . MRS. E. CARTMELL. 
For the whole year we have been working well below establishment; 
there was no entomologist on the staff and during the year three officers 
were away on long leave, and a fourth officer was obliged to take a con­
siderable period of leave on account of dermatitis caused by formalin. 
An entomologist has now been appointed and will be coming here 
towards the end of January. 
Mrs. R. B. McConnell (nee R. H. Lowe) the senior member of the 
staff is, I regret to say, leaving us. Since the early days of this Organi­
zation she has worked with enthusiasm, principally on the ecology 
and geographical distribution of the various species of Ti/apia occurring 
in East Africa. She came to us after completing three years' work 
on Lake Nyasa. She is a very experienced research officer and has 
always taken a great interest in the investigations undertaken 
by other members of the staff; she has always been willing to lend a helping 
hand, and has twice served as Acting Director. It is fortunate that she 
will still be in Africa, as it is certain that she will continue to take an 
active interest in Ti/apia and we look forward to getting news of these 
fish from wherever she and her husband may be stationed. All members 
of E.A.F.R.O. wish to take this opportunity of again wishing her every 
happiness in the years ahead. 
FACILITIES. The new aquarium and workshop have been completed; 
both are proving so useful that we are beginning to wonder how we ever 
managed without them. In particular the aquarium makes it possible 
to carry out experimental work which previously was impossible. New 
light has been thrown already on the feeding habits of several species of 
fish and observations have been started on breeding and spawning 
behaviour; these will be followed by investigations on the very young 
fish about which we know very little. 
t" 
ii ill 
Some additional laboratory equipment was purchased during the year,
 
including a very good microscope and a flame photometer.
 
Both motor launches are in good running order, but because of their 
age and the many hours run by their engines this year's very satisfactory 
record of serviceability has only been achieved as a result of much 
time spent on maintenance work. During the year the larger launch 
travelled almost 5,000 miles on journeys either to catch fish or for the 
collection of hydrological data. Whenever possible, in the interests of 
economy, the long journey to the deep water stations was arranged 
so that experimental fishing could be carried out at the same time; this 
required spending a night on the lake. Our launch is not really big 
enough for this because, although fitted with two berths, at least four 
.+: 
Africans have also to be accommodated on board. Unfortunately it 
must be recorded that it has not been possible, in spite of extensive 
repairs, to eradicate the dry rot previously observed in this vessel. From 
time to time new areas in the hull are found to be infected with this fungus. ,
The time is approaching when it may be no longer possible to keep her 
seaworthy. ' 
VISITING SCIENTISTS. During the year the following visitors were
 
working in the Laboratory :-

Dr. G. S. Carter, Cambridge University, completed more than a year's
 
work on the chemical and physical conditidns in swamps and returned
 
to England in July.
 
Dr. T. Levring, Sweden, carried out some investigations on light
 
penetration and the physiology of phytoplankton.
 
Mr. D. Harding of the Joint Fisheries Research Organization, Northern
 
Rhodesia, assisted with some hyliirological studies and made some
 
observations on the distribution of certain species of Crustacea occurring
 
in the plankton.
 
Dr. G. A. Prowse, Gordon Memorial College, Khartoum, carried out
 
some algological investigations.
 
MEETINGS. The Director attended the usual Annual Meetings of the
 
Scientific Advisorv Committee and of the Lake Victoria Fisheries Board.
 •He also attended-two meetings of the Uganda Committee on Pollution. 
While on leave he attended the International Conference on Limnology 
which was held in Cambridge, and was called to a meeting of the Fisheries I 
Advisory Committee to the Colonial Office in London. It was not 
•possible to attend the Pan-Pacific Science Conference held in Manilla, 
but he contributed a paper to the symposium on the Productivity of 
Temperate and Tropical Waters. This contribution was read on his 
.behalf by Prof. A. C. Hardy of Oxford. The last meeting of the year 
was one in Kampala with the Royal Commission on Land and Population 
in East Africa. The Acting Director also attended a meeting of the 
Salaries Commission and one of the Uganda Pollution Committee. 
..1 
On three occasions members of the staff met members of the Belgian 
Expedition to Lakes Kivu, Edward and Albert. The first meeting was 
at Masindi, the second at Kasenyi on the Belgian side of Lake Albert 
and the third at Goma on Lake Kivu. These meetings resulted in a 
, 
........ 1
 
most useful exchange of ideas and some data which was passed on to 
us is recorded under the appropriate sections in this report, and in certain 
matters we were able to assist them. 
On several occasions there have been informal meetings with members 
of other research organizations working in East Africa and a considerable 
number of scientists visiting East Africa have been shown round the 
laboratory. 
Exhibits were staged at the Coronation Agricultural Show in Kampala 
in June, at the Busoga Agricultural Show at Kaliro in September, and 
at the Royal Show at Mitchell Park, Nairobi, in October. Very consider­
able interest was shown particularly by African members of the public. 
ACKNOWLEDGEMENTS. We have been working in co-operation with 
so many departments on a number of different subjects, that it would 
take up considerable space in this report to give particulars of the help 
received from them all. 
Our thanks are due to the Fisheries Department of Kenya, the Game 
Department of Uganda and the Agricultural Department of Tanganyika 
for help and records received from their Fisheries Officers ; to the Geolo­
gical Departments of all three Territories for information regarding 
the occurrence of gypsum and for data concerning dams under their 
management; to the Meteorological Service for data and technical 
advice; to the Hydrological Survey Department of Uganda for samples 
of water from several areas, and to Tufmac for records of their catches. 
We are also indebted to the Agricultural Departments of all three 
Territories and to the East African Agriculture and Forestry Research 
Organization for information regarding records of soil analyses, also to 
the Government Chemists for similar records of analyses carried out 
over the past several years on a great variety of water samples. 
As may be expected our work has been closely integrated with that of the 
Lake Victoria Fisheries Service to whom we are especially grateful for 
much assistance throughout the year. 
INTRODUCTION
 
The biological economy of tropical lakes has been outlined in very 
general terms in earlier reports; from data collected we have gained a 
little knowledge of the main physical, chemical, and biological features 
of the East African lakes. Their actual fertility is determined by the 
amount of plant nutrients kept in circulation by the activities of the 
micro-organisms responsible for the decomposition of organic matter, 
by the growth of algae and other plants, and by the capacity of the animals 
living in these lakes to eat a considerable amount of the vegetable matter 
growing in them. The importance of this last factor has probably been 
overlooked, yet it is certainly a matter of considerable significance and 
one closely linked with the interests of fishermen. 
The productivity of a lake, in terms of the weight of fish grown in any 
given time, is of course related to the fertility of the water. How close 
this relationship may be depends on the nature of the plants growing 
in the lake, and on either the ability of the fish to eat these plants, or 
on the suitability of other animals, which may eat these plants, to serve 
as food for fish. It has already been shown that certain plants, both 
higher plants ,and algae, even if eaten by fish or other animals, may not 
serve as food for the simple reason that they are not digested. Further-. 
more we have collected some data which suggest that food which is 
digested by fish is not always as nutritious as one might suppose. 
Having first considered the question of what food a fish may eat and 
whether that food is digested or not, there remain two very important 
points that need to be investigated. Can the fish get enough of this food 
and does this food contain in suitable proporfions, all the ingredients 
essential to growth? These two questions regarding the quantity and 
quality of the food cannot be considered separately, except possibly in 
certain exceptional cases. The food of predatory fish may be such an 
exception. A fish, particularly when eaten whole, as is usually the case, 
may be expected to contain all the necessary ingredients to supply the 
needs of the fish that eats it ; so with predatory fish the dietary problem 
can usually be reduced to the simple question of quantity. 
The food of herbivorous fish, on the other hand, must be considered 
with regard to both quantity and quality. It is usually accepted that a 
herbivor must eat a greater volume of food than a carnivor, and it is a 
general characteristic of herbivorous animals that they spend more time 
feeding than do carnivorous animals, and this principle holds good 
also with fish. 
Diatoms are the principle food of the plankton feeding species of 
Tilapia in Lake Victoria, but a great part of these algae consists of a 
siliceous frustule, and for a given volume of these organisms there is 
only a relatively small volume of protoplasm. From this protoplasm 
Tilapia have to draw all their growth and energy requirements. It is 
certain that some of the elements essential for growth are contained only 
in very small amounts in the protoplasm of these diatoms. Calcium 
and phosphorous which are essential constituents of bone may be such 
elements; probably also nitrogen and sulphur, which are essential 
constituents of proteins. 
*~ 2 ~ 
A large amount of food has therefore to be taken in by these fish
 
simply to procure sufficient quantities of the rarer elements. It is
 
perhaps necessary to state that should the food contain unusually small
 
amounts of any particular substance, it will mean that unusually large
 
amounts will have to be eaten in order to obtain adequate amounts of
 
this substance.. In an extreme case it might be impossible for an animal
 
to keep itself alive because it could not eat food at a rate high enough
 
to obtain sufficient amounts of the elements in short supply. However,
 
such cases are probably rare under natural conditions, though laboratory
 
experiments have shown this to be possible. We do know that the growth
 
of the phytoplankton in tropical lakes is controlled largely by the avail­

ability of various elements. It follows that the algae growing under
 
these conditions probably contain the minimum amount of these ele­

..ments compatible with their existence. In Lake Victoria, at least in
 
certain areas and at certain times, sulphates are in short supply. It is
 
therefore reasonable to suppose that under these conditions the diatoms
 
growing in this water contain only the minimum quantity of the amino­

acids which contain sulphur. Any shortage of these amino-acids would ~
 
greatly restrict the growth of the fish.
 
Such a situation as has just been outlined probably occurs only rarely
 
or for very short periods in temperate lakes because the spring and
 
summer growth of plankton develops in water which has been adequately
 
enriched with minerals during the proceeding winter resting period.
 
alJut conditions in a tropical lake are very different as the production 
of phytoplankton is more or less continuous and closely related to the 
immediate supply of nutrients. Our investigations indicate that .an 
explanation of the variable growth rate of phytoplankton feeding Tilapia 
in the different East African lakes may lie not only, as previously sug­
gested, in terms of the density and digestibility of the phytoplankton, 
but also in terms of its quality as food, or in other words, in whether it 
~ontains adequate amounts of substances essential for the growth of fish. 
We have put forward the theory that herbivorous animals help to
 
maintain the fertility of a tropical lake by converting plant material,
 
which decomposes slowly, into animal material, which decomposes
 
rapidly{ This theory requires further analysis. It is however probably
 
correct to say that it is of the utmost importance that plant material
 
of whatever sort should be converted into animal material in order to
 
prevent the loss of nutrients in the form of bottom deposits which may
 
not decompose. The introduction of the weed-eating Tilapia zillii into
 i
Lake Victoria should help in this respect. Some species of almost
 
every group of animals are herbivorous ; crustacea, insect larvae, snails,
 
fish, the larvae of amphibia, and among mammals the hippopotamus.
 
I•'\!Ie need to know a great deal about the life histories and habits of all 
these animals if we are to reach a proper understanding of the bionomics
 
·of a lake.
 
There is a widely held belief that a tropical lake can recover rapidly
 
from any damage inflicted on its fauna. There is little reliable evidence
 
for this and some evidence that has been used to support this contention
 
is misleading. For instance, it appears that Lake Rukwa has recovered
 
in a remarkable way from the disaster that occurred in 1949 when it
 
almost dried up. But the very process of drying up and the consequent
 
exposure of the bottom deposits of the lake would, by oxidising organic
 
matter in the bottom deposits, increase the potential fertility of the lake 
when it filled up again. We have carried out analyses of mud which, 
show that the release of nutrients from them may be greatly accelerated 
by allowing them to dry and leaving them exposed to the air for a short 
time. Furthermore, in the case of Lake Rukwa, all the decomposed 
carcases of fish, crocodiles and hippos remained within the lake basin. 
There is no evidence to show that a tropical lake once significantly over­
fished can make a rapid recovery. 
Tilapia perform a useful function as converters of plant material into 
animal material, but their usefulness in this capacity may be brought 
to an untimely end by their removal by fishermen. Here lies an obvious 
conflict of interests ; it is however to be hoped that no lake will be con­
sidered as an inexhaustible source of Tilapia. In the interests of all con­
cerned a considerable density of these fish should be maintained wherever 
they occur. All the evidence there is points to the fact that, when gill 
nets were first introduced into Lake Victoria, there were very many 
more Tilapia living in the lake thart there are today. If over a short 
period the number of these fish were allowed to increase, at least as 
many fish could be taken annually from the lake as at present, but the 
effort needed to catch them would be less. A reduction in their price 
should follow. 
Apart from the theory that the removal from a lake of too many 
Tilapia may lead to a reduction in its fertility and productivity, it is 
necessary, when considering the possible rate of recovery following 
reduction of the stocks of these fish, to know as accurately as possible 
their growth rate. A great deal of information has been collected on 
this subject. Unfortunately the data recorded from fish farms and 
dams have shown such extreme variatiolJ.s that it has been difficult to 
make much sense out of them. Data collected from natural waters 
have been for the most part unreliable as it is not possible to age the 
fish by scale readings. Therefore estimations of their age and probable 
growth rate have been little better than inspired guesses. It is therefore 
with great satisfaction that we can mention in our report the successful 
results achieved by the Lake Victoria Fisheries Service and the Uganda 
Game Department in two marking experiments, one in the Kavirondo 
Gulf and the other in Lake George. We appreciate the fact that all 
data recorded during these experiments have been sent to us. Although 
more data will be collected year by year, as marked fish are returned, it is 
already possible t() form some idea of the growth rate of these fish.. In 
both cases it is less than might have been expected. This information 
serves as a timely warning to those who may think that they can overfish 
a tropical lake with impunity because it will recover rapidly once fishing 
pressure is reduced. A brief account of these experiments is included 
in the section on Tilapia. Before leaving these introductory remarks 
on growth rate reference must be made to the related problem of sexual 
development. 
Sexually developed Tilapia grow at a much slower rate than do the 
immature fish. It is thus from the commercial viewpoint desirable 
that the onset of sexual maturity be delayed as long as possible. We 
are grateful to the Kenya Game Department for some useful information 
regarding the value of separating the sexes of Tilapia nigra as a means 
of delaying the onset of maturity. The stimulating influCQce of the 
opposite sex, which is not confined to fishes, is of course only one of 
~ 4 
~everal factors which affect the age at which Tilapia spp. mature. A 
great deal of information has already been collected on the age and size 
at which the several species of Tilapia reach sexual maturity. The 
remarkable feature of all these data is the extraordinary range regarding 
both age and size at which these fish can first develop sexually. They 
may grow quickly and mature after only a few months, or after a period 
of two years or more. On the other hand they may grow slowly and 
develop sexually either early or late. There would seem to be little 
correlation between rate of growth and the onset of maturity. The 
size of the body of water in which they live has been quoted as a factor 
determining their ultimate size and certainly there is evidence to show ~. 
that in small bodies of water these fish mature at a small size. Like 1
many problems that seem complex until solved, this one may have a 6
simple solution. This subject will be discussed again in the Tilapia 
section of this Report. It seems certain however that growth rate is 
primarily determined by the quantity and quality of the food available 
and that the onset of sexual maturity, once certain basic food requirements ~have been met, is primarily determined by quite other factors. 
HYDROLOGY 
LAKE RUDOLF 
An expedition to Lake Rudolf early in January yielded interesting 
results, some of which were mentioned in the 1952 report; Appendix A 
contains further chemical and hydrological data. These data suggest 
'\	 certain ideas, among them the possibility that the Tilapia live for a great
 
part of the year in the deep water.
 
The great size of the Tilapia found in this lake may give a false im­
pression ofits productivity; however, further data need to be collected 
before any estimate of the potential value of this fishery can be made. 
The supply of nitrogen appears to be a factor limiting the fertility of the 
water; both sulphates and phosphates are present in excess. 
LAKE VICTORIA 
A very strenuous programme of work on the hydrological conditions 
obtaining in Lake Victoria has been carried out. These investigations 
are an extension of observations made during the past four years. At 
approximately weekly intervals serial samples of water from four stations J 
have been collected and analysed. Approximately fifty samples were 
collected on each occasion. Three of the stations are situated along 
the Buvuma and Rosebery Channels and the fourth is in the open waters 
of the lake. A full analysis of all the data collected is nearly complete; 
these will form the subject of a separate paper. Only a very brief outline 
and explanation of the results can be given in this report. . 
Wind, solar radiation, precipitation and evaporation all cause changes 
in the hydrological condition of the lake and the sum total of these 
effects causes changes in the mean temperature of the water. The 
lake, when considered as a whole, acts as an integrator of all those factors 
which together make up the weather. 
..-L.a.._~_._.__ .'"- ,...,,_--,.~_> __ .• '••_ ..~ 
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The amount of heat contained within the lake is at its. highest value 
towards the end of March. From then until the end of August the 
mean temperature of the lake falls and after August it begins to rise 
until it again reaches its highest value in March. Thus this complete 
temperature cycle takes twelve months, whereas many meteorological 
conditions in the tropics follow a six month cycle because the sun is 
overhead twice during the year. But the lake, by integrating the various 
opposing weather factors, records an annual temperature cycle; this 
may well prove to be of interest to meteorologists. It is also important 
to consider to what extent the" heat-budget" of Lake Victoria in turn 
affects the weather in this part of Africa. 
During the period when temperature values in the lake are at their 
highest, the main lake is stratified with a thermocline at approximately 
forty metres. However, the level of the thermocline moves up and 
down in a regular manner and we now have positive evidence of ~ temper­
ature seiche in this lake. The period of this oscillation is approximately 
a month and its amplitude approximately twenty metres. This seiche 
movement is of very considerable importance and can be likened to a 
vast pump tending to move water from one end of the lake to the other 
and also causing some mixing of the water from the bottom to the top, 
thus affecting the general fertility of the lake. It also has a very important 
influence on the fertility of the coastal regions. As indicated in our last 
report these oscillations tend to force cold water into the Buvuma imd 
Rosebery Channels and lead ultimately to an increase in the rate at which 
plant nutrients are released from the bottom deposits in these areas. 
The growth of the phytoplankton is related to these hydrological con­
ditions (see algological section). 
LAKE ALBERT 
Samples of water were collected in March from below the Murchison 
Falls and from the Albert Nile. The total of dissolved solids contained 
in these samples showed an increase, as measured by their electrical 
conductivity, being 100 units at the Murchison Falls and 340 units at 
Nimule. These figures indicate the degree of mixing which occurs 
between the Victoria Nile and the waters from Lake Albert. From 
these data one can calculate the relative amounts of water flowing into 
the Albert Nile from the Victoria Nile and from Lake Albert. At the 
time these observations were made it appears that 60 %of the water in 
the Albert Nile was derived from the Victoria Nile and 40 % from Lake 
Albert. 
Hydrological data collected from Lake Albert are recorded in Appendix 
A. It was observed that the values for sulphate in the· open waters 
were higher this year than those recorded during the previous year, 
which were higher than those recorded in 1951. It seems that Lake Albert 
is to a considerable extent dependent on Lake Edward for supplies of 
this essential nutrient and that the amount of sulphate received is deter­
mined not so much by the rate of discharge of water from Lake Edward 
as by the degree of mixing that has occurred between the deep and surface 
.waters	 of this lake. Thus hydrological conditions which favour a high 
rate of productivity in Lake Edward also benefit Lake Albert. 
Estimations were made on the rate at which light is absorbed by the 
surface waters of Lake Albert; it was discovered that there is a layer 
8 
at a depth of about twenty metres in which the absorption rate is greatly 
increased. At this level the values for dissolved oxygen were low, even 
lower than those at a greater depth. These findings indicate that there 
is a considerable concentration of zooplankton at this depth. It is 
probably at this level that the greatest number of fish wiII be found, 
at any rate during the daytime. 
LAKE GEORGE AND THE KAZINGA CHANNEL 
Further hydrological data were collected from Lake George which 
confirm earlier results-see Appendix A. One particular investigation 
showed some interesting results. Samples of water were taken from 
the Mpanga River, half a mile from its mouth at a point where it is 
still flowing rapidly. The water here was completely deoxygenated and 
contained considerable amounts ofdissolved organic matter. Presumably 
mixing with water from the swamps brought this about. This infor­
mation is likely to be of use when considering the possible pollution of 
Lake George by water containing either copper or cobalt from the 
Kilembe Mines, as it must be assumed that similar conditions will obtain 
in the streams flowing from this area. Under such conditions most of the 
soluble copper and cobalt sulphate which may be contained in the water 
will be removed by precipitation before it reaches the lake. 
LAKE EDWARD 
Vertical series of water samples were taken from Lake Edward in 
March-see, Appendix A. At the station selected the total depth of the 
water was eighty metres and a thermocline was found at approximately 
thirty-six metres. There was only a slight temperature difference at 
this depth but the dissolved oxygen content fell from 4.6 parts per million 
to nil and there were considerable changes in the concentration of mag­
nesium, sulphate, phosphate and silicate. This marked stratification of 
the water must have a very signmcant effect on the fertility and producti­
vity of this lake and cause considerable variations in fish production 
from one year to another. It may be possible to say more about this 
in a year or two's time. 
From an analysis of the samples collected it was noted that the values
 
of dissolved oxygen decreased with depth to a level just above the ther­

mocline but then an increase in oxygen values was observed. The
 
waters of this lake are very clear and these data suggest that the increase
 
in oxygen values at this level is caused by an accumulation of phytoplank­

ton just above the thermocline. If there is sufficient light for photosyn­

thesis at this depth the position above the thermocline is favourable
 
for the growth of phytoplankton owing to the constant replenishment
 
of the supply of inorganic nutrients from the hypolimnion brought
 
about by slight turbulence at the thermocline. 
LAKE BUNYONI 
Lake Bunyoni was visited in November and found to be strongly 
stratified-see Appendix A. There was a well defined thermocline at 
twelve metres and as the depth at this station is twenty metres, nearly 
half the water in this lake may be devoid of dissolved oxygen. This 
must affect adversely the populations of fish living in this lake. 
The temperature of the mud was slightly higher than the overlying 
water which indicated a recent influx of cold water. Probably stratifica­
..
 
tion was due primarily to cold water seeping into the lake at levels below 
the surface. This is a reasonable hypothesis as the whole catchment 
area is composed of porous volcanic lavas. 
Prof. Damas of Liege has collected data from a number of similar 
lakes in this area on the other side of the Congo border. We are grateful 
to' him for information received by letters in which he says that in many 
of these lakes he found conditions similar to those that we have found in 
Lake Bunyoni. His findings will be published shortly. 
The chemical composition of water from Lake Bunyoni is recorded 
in Appendix A.
.. 
Over a number of years fish have been put into this lake by the Game 
Department and others; they have not done well and our hydrological 
data may provide an explanation for this. An account of these intro­
ductions is given in Appendix C. ~ 
DAMS. During August biological and hydrological observations 
were made on seven dams in the Ankole district near Mbarara. These 
dams were built by the Geological Department and later five of these 
were stocked with Tilapia zillii and Tilapia leucosticta by the Game and 
Fisheries Department. 
In all but one of these dams conditions were very unfavourable for 
fish due to marked stratification and deoxygenation of the water two to 
three feet below the surface. This was due partly to the shape of the dams 
which are long, narrow and winding, thus preventing adequate mixing 
of the water by wind action, and partIy to the dense growth of water 
lilies which again prevents mixing. The water lilies also by shading 
the water prevent the growth of phytoplankton, 
A variety of snails was found growing in great abundance in these 
dams. Among them were included species which are vectors of both 
forms of Schistosoma and cattle liver fluke. 
~ The one dam (Mabira) in which conditions were more favourable for 
fish had not been stocked with Tilapia. 
I 
I 
~ Kidetok Dam and five others in Teso district were visited in July. 
The excellent growth made by T. zillii and T. leucosticta in Kidetok Dam 
is referred to in the section on Tilapia. The water in these dams was 
well oxygenated throughout; partly due no doubt to the roughly 
rectangular shape of these dams which favours mixing of the water by 
the wind. A significant chemical difference between the water in these 
dams and the water in the Ankole dams was the higher calcium content. 
(See Appendix A. 8-10 for the chemical analysis of these waters.) 
The difficulty of keeping the deeper water in a dam well oxygenated 
is continually being brought to our notice. The water in the dam belong­
ing to the Bukura Farm Institute showed marked thermal stratification 
and deoxygenation of the bottom water. In this case the water supply 
'.'\.., ,e	 :\, . 
is from a spring and the temperature of this w4ter is considerably ld\ver
 
than that of the dam itself. It therefore flows to the bottom ofHhe
 
dam and causes stratification. Artificial mixing would inccease' the
 
productivity of many dams and fish farms, but the difficulty is to dMse a
 
simple and economic method. " •
 
A great many samples of water have been sent to us from the fi~h
 
farms at Malya, part of the Sukumaland Development Scheme. 'Both
 
fish and rice were grown in some of these ponds. In one case in',pafiicular
 
a very dense growth of rice prevented, any circulation of the water and
 
by shading the water led to its almost complete deoxygenation. We
 
suggested that either T. zillii or T. melanopleura should be grown in
 
these ponds. These weed-eating species present in suitable numbers
 
might prevent too dense a growth of rice, thus leading to useful crops
 
of both fish and rice.
 
Throughout the year the Hydrological Survey Department has sent
 
us samples of water from the Semliki River, at Ishango close to the outflow
 
from Lake Edward, at Ngamba, and at Bweramule. It was observed
 
that the concentration of dissolved salts was considerably reduced after
 
the water left Lake Edward and flowed to Lake Albert. For instance,
 
in March the values were 750, 656, and 527 parts per million from these
 
three stations. Very considerable variations in the t.al dissolved
 
salts contained in the water samples from Bweramule occurred throughout
 
the year; this is no doubt due to varying amounts of water received
 
from streams flowing off Ruwenzori.
 
No live plankton was seen in any of the samples from Bweramule 
but there was a considerable quantity of plankton observed from the 
other two stations between August a,nd October. This must be related 
to the density of the plankton in Lake Edward during those months. 
Many other analyses have been carried out on samples of water ient to 
this Laboratory. These include :­
RIVERS: Muzizi, Nzoia (including Divers Dam), Marasegi, Sezibura, 
streams in Kijansi and Ngogwe, and six streams from various 
altitudes on Kilimanjaro. 
LAKES : Ngwaza, Nakivali, and the south end of Victoria. 
PONDS : Namtongo and Sagana. 
ALGOLOGY 
Throughout the year counts of the more abundant species of diatoms 
have been made at all four hydrological stations in Lake Victoria. In 
the open lake, the growth of the diatom Melosira is limited to a very 
short period although during that time the concentration of cells per c.c. ~ 
reach high values. In August, 1952, the concentration of cells reached 
1450 per c.c. but the algae were only seen in the samples collected between 
21st August and 2nd October. A few Melosira cells were noted in 
June, 1953, but active growth was not apparent until August and then 
.-,r
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the diatoms disappeared from the plankton by the end of Septemb 
During this period ,a high concentration (over 1600 cells per c.c.) \1 
",
fl' 
again recorded. 
ilL, 
The Belgian team of scientists working on Lakes Edward, Albert a 
Kivu have also found a sudden variation in the amount of plankt 
during the year. M, Capart showed us a graph of the cubic centimet! 
of plankton collected in a standard net haul each month of the year fre 
Lake Edward. It was interesting to see that the peak of phytoplankt 
production was high over a short period of time only, an occurrel1 
similar to that found in the open waters of Lake Victoria. 
" 
r
, 
The growth of phytoplankton from the inshore stations followed a ve 
different cycle. The numbers of cells of Melosira was not very hi~ 
rarely reaching 1,000 per c.c. except in the shallowest station at the nOI 
", .	 end of the Buvuma Channel, where concentrations of over 1,000 cells 1= 
c,c. were occasionally reached. Growth however occurred over a milo 
longer period than in the open waters of the lake, starting in Janua 
·r	 and decreasing in August. The variations in the density of the phyt 
, plankton in both the open waters of the lake and in the partially enclosl I coastal areas can be correlated with the quite different hydrologic 
conditions obtaining in these two regions. 
We are grateful to M. Capart for some very interesting informati( 
on the food of Tilapia in Lake Kivu. In this lake the fish are feedil 
on an organism which has been tentatively identified by the Belgil 
team as a Spirochaete bacterium. Superficially it looks like one of t] 
blue-green algae, Spirulina. but the width of the filament is only abo 
one thousandth of a millimetre. In many cases the Tilapia of the La] 
Kivu appear to feed solely upon this Spirochaete, which is readily digeste 
The Belgian investigators also consider that the natural bacterial flo 
in L:ke Kivu, apart from the Spirochaete, is an important source 
food for these fish. On the whole, their research on these lakes has It 
them to the conclusion that the nannoplankton, that is the very sm~ 
organisms living in the water and which are too small to be caught 
the normal plankton net, is of greater importance as a fish food than h 
previously been realized, There seems to be little doubt that mali 
natural waters contain much more organic matter than is represented 1 
the phytoplankton and zooplankton caught in a plankton net. 
1•
I	 
June, 1950, the following estimates of organic matter were made ( 
samples of water from the lake near Jinja {total depth 10.5 metre 
The method used was the oxygen absorbed from hot acidified permang 
nate. The table below gives results expressed as milligrams of oxyg 
\ absorbed per hundred millilitres. 
SURFACE 5 METRES 10 METRII 
Initial .. 2.7 • 3.2 3.17 
After filtration through paper 1.87 2.7 2.4 
After filtration through Kiselguhr .. 1.87I 
I At the five metre depth the percentage of total organic matter tl
" was held by the paper was 15.5, that held by a -!-" pad of washed Kiselgu ( was 26 %and that which was dissolved was 59 %. The bacterial pOI 
lation which would pass the paper but be held by the Kiselguhr represel I, 
a very large fraction of the total particulate matter in the water. It1 
t 
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very difficult however to find direct evidence of the value of these very 
small organisms such as nannoplankton and bacteria as food for fish. 
We have already stated in a paper read at the symposium of African 
Hydrobiology (Entebbe, 1952) that the bottom deposits may often be 
ingested by Ti/apia spp. In such places as Lake George and the Mala­
garasi Swamps these deposits form a great part of the stomach contents. 
In view of the fine condition of the fish these muds must have c.onsiderable 
food value, due presumably to the high bacterial and protozoan popu­
lations they contain. 
Partial analyses of the bottom deposits of Lakes George and Victoria 
have been carried out by the Agricultural Department at Kawanda. 
These results show that the dried mud from Lake George contained 
nearly as much nitrogen as the plankton in Lake Victoria and that the 
mud of Lake Victoria itself contains about a quarter as much. It is 
not yet known what proportion of this nitrogen is present in the form 
of bacteria and protozoa and what part of this nitrogen is actually avail­
able to the fish when the mud is ingested. 
M. W. Ridley and Lord Richard Percy have published a very interesting 
paper this year on the flamingo of Lake Elmenteita. Lord Richard 
sent us samples from the guts of some onhe lesser flamingo which were 
collected on Lakes Elmenteita, Hannington and Naivasha. There was a 
mass of algal material which was found to be composed almost entirely 
of a single species of diatom in very large numbers. There was little 
doubt that these algae were readily digested by, and do form, .an important 
part of the food of the flamingo. The guts of some of the birds from 
Elmenteita and Hannington contained both diatoms and blue-green algae. 
The blue-green algae were a species of Spirulina similar to that found in 
Lake Rudolf, but the filament was narrower and, in some cases, the 
spiral was much tighter. The Spirulina spp. were partially digested, 
but insuffici~nt material was available to decide whether or not the other 
blue-green and green algae present were digested. However, diatoms 
and Spirulina formed the bulk of the food ingested. 
Some observations on the food of very young fish have been made. 
It was noticed that young predatory species of Haplochromis had been 
feeding on diatoms and other phytoplankton. Phytoplankton may prove 
to be an important element in the food of very young fish belonging to a 
variety of species. 
Snails collected from deep water were found to be feeding on diatoms. 
, 
Further experimental tests have been carried out on the chemical 
factors affecting the growth of algae in Lake Victoria. These tests 
-consist of growing algal cultures in mixtures of natural water and artificial 
media; the methods used have already been described in last year's 
report and will form the subject of a separate paper to be published 
shortly. Eight more tests carried out at different times of the year have 
confirmed our earlier results which showed that sulphates are in short 
supply in Lake Victoria. This shortage of sulphates must be considered 
as the most important single chemical factor controlling the growth of 
algae in this lake. ·it 
A shortage of nitrates would seem to be a secondary chemical factor 
~ffecting the growth of the phytoplankton. Under certain circumstances 
.11 
this shortage may temporarily constitute a limiting factor. The matter is 
extremely complicated as sulphates are derived mainly from organic 
matter which has been broken down under aerobic conditions and 
nitrates are mainly derived from ammonia which is a product of anaerobic 
decomposition. It seems therefore that the growth of the phytoplankton 
is dependent on the supply of products originating either from different 
sources, or as a result of two different chemical processes which do not 
occur together at the same time. 
The following table contains results from a series of tests using Anabaena 
cylindrica and Chlorella pyrenoidosa as indicator algae. 
TEST ALGAE IN GMS. DRY WEIGHT 
LAKE WATER BUVUMA CHANNEL, .Anabaena Chlorella 
SEPTEMBER, 1953. cylindrica pyrenoidosa 
With no additions 0.002 0.001 
With all inorganic nutrients 0.07 0.045 
0.012 0.014
"" " less SO4 
0.031 0.013
"" " " 
P04 0.085 0.046
"" " "Ca 0.061 0.026
"" " "Mg 0.005
"" " "N0 3 * 
A point of interest discovered during these experiments was that a medium 
containing all the essential inorganic nutrients made up in lake water 
produced growth varying from half as much again to several times the 
dry weight of algae grown in a similar medium made up in distilled water. 
Another interesting experiment has shown that unfortified water 
from Lake George will grow more algae than unfortified water from 
Lake Victoria, Albert or Edward. 
S"'AMPS 
Papyrus and water lily swamps occur along the coastline of almost 
every East African lake; they frequently cover a very considerable 
part of the coastline and are absent only on exposed headlands and some 
beaches. The papyrus occupies the zone off-shore, and the water lilies 
an area of varying extent to lakeward of the papyrus, between them these 
two zones of vegetation occupy the littoral region, which in most lakes is 
biologically the most productive zone, containing the greatest density of 
animals of all sorts. It is clear that these swamps must have a great 
effect on the general biological economy of the lakes of East Africa, and 
it is important to know as much about them as possible. 
• Lack of nitrate not tested as Anabaena can fix nitrogen.. 
.... ., .... "_.._~_.-
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We are very grateful to Dr. G. S. Carter of Cambridge University for 
a mass of information regarding the physical and chemical conditions. 
in these swamps. He collected this information over a period of more 
than a year while working in this laboratory. His investigations will 
form the subject of a paper to be published elsewhere. Meanwhile 
he has given us a copy of his manus.cript which is however too bulky 
and too technical for inclusion in this report. It must suffice to say 
that this paper contains a very careful record of all those chemical and 
physical conditions which affect the growth of both plants and animals. 
These observations include measurements of conductivity, colour and 
organic matter, oxygen and carbon dioxide content, hydrogen ion con­
centration, alkalinity, biological oxygen demand, redox potential, and 
the amounts of ammonia, nitrates, phosphates, silicates, iron and chloride 
in solution. One of the figures from his manuscript is reproduced in 
Appendix A. 7 ; a wealth of information is contained in this figure. 
The following conclusions can be drawn from Dr. Carter's results; 
the papyrus swamps are totally unsuitable for any fish other than those 
that can breathe air, as the water in them, from top to bottom, is devoid 
of dissolved oxygen and contains very high concentrations of dissolved 
carbon dioxide. Conditions in the upper layers of the water-lily swamps 
are suitable for fish, but they deteriorate towards the bottom and as one 
approaches the papyrus swamp. 
Many fish inhabit the water-lily zone; in parts of these swamps Tilapia 
go to brood while carrying their young and here also the very young 
Tilapia live a free existence for a considerable period, as described in 
last year's report. What causes these young fish to leave the swamps. 
after a certain period and seek food in the more open waters of the lake 
was, and perhaps still is, a matter for speculation. However, it is in­
teresting to note from Dr. Carter's results that, after rain, inflowing water 
from the shore drives some of the "foul" water from the papyrus swamps 
into the water -lily swamps. This influx of deoxygenated water may 
compel many fish to leave the waterlily zone. In this year's Annual 
Report by the Lake Victoria Fisheries Service there is a very interesting 
graph correlating the numbers of fish caught by the African fishermen 
with the rainfall. When the rainfall is high large numbers of fish are 
caught. It is possible that this may also be explained partly by fish 
being driven out of the water-lily zone. 
The shade caused by water-lily leaves greatly restricts the growth of 
phytoplankton which might otherwise develop in the littoral region. 
Thus in this zone there is relatively little of this food available for fish. 
There is little doubt that the clearance of swamps, particularly the papyrus. 
swamps, would lead to the production of more fish. The mechanical 
difficulties to be overcome in the removal of papyrus swamps are however 
very great. Such clearance is usually only attempted in small areas 
close to townships as a mosquito control measure. In some cases it 
might be better to reclaim swamps instead of clearing them. This. 
could be done by filling them up with lake mud which is very fertile and 
being fluid could easily be pumped up from the bottom. However, 
these reclaimed swamps might have an acid reaction and appropriate 
action would no doubt have to be taken to mitigate this. There is a 
distinct possibility that the reclaimed and treated land could be developed 
as market gardens to provide food for nearby townships. 
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SNAILS AND SNAIL-EATING HAPLOCHROMIS
 
Experiments have been carried out on the feeding habits of several 
species of snail-eating Hapl~ehromis. .The two officers studying ~n~ils 
and Haploehromis have carned out thIS work together, each providmg 
the other with the specialist knowledge necessary for the proper iden­
tification of the animals concerned. 
Observations were made first on Haploehromis pharyngomylus and 
Astatoreoehromis alluaudi kept in aquaria. Both of these fish eat Lymnaea, 
Biomphalaria, Bulinus and Pila. Pila, however, are not taken readily 
and only when below 10 mm. in diameter. This undoubtedly is corre­
lated with the size of the fishes' mouths and with the difficulty of grasping 
a spherical object. . 
Observations were also carried out on Haploehromis sauvagei and 
Maeropleurodus hieolor. Both these species take snails readily. M. 
hieolor crushes the shells with its jaws, while H. sauvagei removes the 
soft part without taking the shells into its mouth. 
Detailed experiments were carried out to test possible food preferences 
of H. pharyngomylus and also the quantity of food consumed. These 
tests were carried out in a cement pond 4' X 4' X I' deep. The surface 
of the pond was covered with a wire screen which provided protection 
against outside predators and against the escape of the snails. Through­
out this experiment only male fish were used, ranging in size from 115­
125 mm. 
EXPERIMENT I. Three H. pharyngomylus ate 50 Biomphalarias. 
sudaniea (size range 8-13 mm.) in twenty-four hours, when the pond 
contained no vegetation. 
EXPERIMENT II. The pond was planted with water lilies and Cerato­
phyllum. 52 Biomphalaria s. sudaniea were added initially, and approxi­
mately twenty more added each day to bring the total to 133 snails in 
six and a half days. Two H. pharyngomylus ate 126 snails during this 
period. The size range of all these snails was 10-15 mm. 
EXPERIMENT III. Two H. pharyngomylus were introduced into the 
pond which contained a snail population of 400 Bulinus (Physopsis) 
nasutus. The size of snails ranged from 7-17 mm. In five and half a 
days the fish consumed 259 snails of all sizes. 
.EXPERIMENT IV. The pond was stocked with 100 B.(Physopsis) nasutus 
(Size 7-16 mm.) and 100 Lymnaea natalensis eaillaudi (size 8-18 mm.). 
During a four and a half day period a total of 122 snails was eaten, giving 
a percentage mortality of 44 %and 78 %for the two species respectively. 
EXPERIMENT V. The pond was stocked with 151 B. (Physopsis) nasutus 
(size 8-20 mm.) and 54 Lymnaea n. eaillaudi (size 7-18 mm.). The fish 
used were two H. pharyngomylus and one A. alluaudi. The latter was 
introduced accidentally on the second day of the experiment. During 
a four and a half day period 105 snails were eaten, with a percentage 
mortality of 46 %and 74 %respectively.. Here there was some indication 
that snails over 17 mm. in size were not heavily preyed upon. 
tJr"~-"J . , _,"'; .:;\'}:'?~~: " 
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EXPERIMENT VI. The pond was stocked with 58 B. (Physopsis) nasutus'1 
as. 
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It was assumed that these figures could be applied to the second section 
(6-16 mm.) and 149 Lymanea n. caillaudi (6-17mm.). During a into which three fish (two H. pharyngomylus and one A. alluaudi) were· 
and a half day period two H. pharyngomylus destroyed 146 snails, giving~ introduced. It was also thought- that migration of snails would be 
a percentage mortality of 46 % and 83 % for the species respectively.,~ negligible. 
In this experiment there was little indication. that the size of snail is 1
important as the percentage. mortality within the various size groups lit After a week a count of the snails was made in each section. Although 
was approximately equal. the total number of snails in the fish section was less than half the original 
numbers found in the control area, the number of Lymnaea n. caillaudi 
EXPERIMENT VII. The pond was stocked with 305 Lymnaea n. caillaudi was found to be considerably higher (252 as compared with 159). Of 
(11-16 mm.) and 25 Biomphalaria s. sudanica (5-13 mm.). Two the 275 snails found in the control section at the end of the experiment, 
pharyngomylus destroyed 133 snails in four and a half days. The per- some can probably be accounted for by oversight at the first counting, 
• centage mortality for the two species was 45 % and 76 % respectively but many must have migrated in, in spite of the precautions taken. 
Again there was little indication that the size of the snails had any in~ 
fluence over the fish's selection of prey. Snails recovered from the two sections of the stream at the end of the 
experiment were :­
EXPERIMENT VIII. 350 Lymnaea n. caillaudi anti 100 Biomphalaria s.
 
sudanica. During a four and a half day period 126 snails were destroyed CONTROL FISH
 
giving a percentage mortality of 23 % and 45 % respectively. In this SECTION SECTION
 
experiment one fish died about thirty-six hours prior to the final snail
 
count. Bulinus nasutus · . 147 98
 
Bulinus forskalii . . - 2·. 
During the period of these experiments the mean daily temperature Lymnaea n. caillaudi 
·. 
109 252
 
of the pond varied between 22°C. and 26°C. The percentage saturation Pila ovata .. . .
· . 
19 69
 
of dissolved oxygen varied from supersaturated in the afternoon to Biomphalaria s. sudanica .. - 5
 
low as 28 %in the early morning.
 
TOTAL ALL SPECIES 
·. 
275 426 
These experiments indicate that these fish have some preference for 
particular species of snail and that they will eat large numbers of 
whatever species are present. There is no doubt that they could help to The most significant data are provided by the figures for Lymnaea n. 
control the numbers of snails in ponds. caillaudi and Bulinus nasutus. The number of Bulinus recovered from 
the fish section shows a considerable reduction over that of the original 
An experiment was carried out to test the efficiency of H. pharyngomy­ control section count, whilst those of Lymnaea are markedly higher. 
Ius and A. alluaudi as mollusc eaters under conditions which might The results seem to suggest that wherever these two species occur they are 
obtain if they were used to control snails in irr\gation furrows and ditches. not distributed at random, but tend to form localized and dense aggregates 
of a single species and that these aggregates may be mutually exclusive. 
A thirty foot length of a stream was selected ; it was approximately Further experiments will be necessary to check both the efficiency of the 
four feet wide with a .depth of six inches. In order to estimate the fish in reducing the density of snails and to determine the distribution 
density of molluscs, this section was divided into two parts, each fifteen of snails within circumscribed areas. 
feet long and separated from the stream proper and from each other
 
by chicken wire barriers sunk into the bottom mud and into the banks ;
 
these barriers projected about six inches above the water level. Grass F ISH
 
and sedge leaves were laced through the wire so as to decrease the possi­

bility of snail migration into and out of the experimental areas. Sampling.
 
was carried out by a very thorough dredging and netting of one,section TILAPIA
 
(control section) until it was certain that few snails remained.
 The species of Tilapia which have been studied to date by this laboratory 
are:The number of snails recorded fron the control section was as follows : 
T. esculenta, and T. variabilis, from Lakes Victoria and Kyoga and 
Bulinus nasutus 593 from various dams and fish ponds. Lake Victoria Fisheries Service 
Bulinus forskalii 25 statistics of catches from all over Lake Victoria have contributed a great 
Lymnaea n. caillaudi 159 deal to our knowledge of these two species. 
Pila ovata 142 
Biomphalaria s. sudanica 25 T. nilotica, from Lakes George and Edward, Albert, Rudolf, the Mala­
garasi Swamps, Lake Kivu, the Koki lakes (Kijanebalola, Chanagwora 
TOTAL; ALL SPECIES 944 and Nakavali), and Lake Bunyoni, also from various crater lakes and 
dams which have been stocked with this species. 
These 
These 
be 
be 
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T. leucosticta, from Lakes George, Edward and Albert and 
various dams. 
T. karomo, from the Malagarasi Swamps. 
Tilapia from Lake Chala (T. hunteri), Lake lipe and the Pangani River. 
T. zillii, from Lake Albert and several dams. 
T. galilaea, from Lake Albert, though few specimens have been obtained 
of this species. 
GROWTH OF TILAPIA 
In view of the great commercial importance of Tilapia it is very desirable 
to know how fast they grow in order to estimate the degree of fishing 
that existing stocks can stand. It has however proved extremely difficult 
to determine the growth rate of these fish in natural waters. Marking 
experiments are now providing some information, and data from dams 
and ponds are also giving information on the rates of growth achieved 
by the different species under different conditions. 
Two marking experiments are in progress: In the Kavirondo Gulf 
of Lake Victoria the Lake Victoria, Fisheries Service have been marking 
T. esculenta and T. variabilis with numbered metal opercular clips.
 
fish are caught in seine nets. The Game and Fisheries Department,
 
Uganda, are marking T. nilotica in Lake George using numbered plastic
 
discs fixed through the back muscles just below the dorsal fin.
 
fish are caught in gill nets. We are much indebted to these two depart­

ments for data received for analysis from these experiments. Appendix C. I
 
summarises some of the data collected up to the 31st December, 1953.
 
Marked T. esculenta between 21 and 31 cm. long were found to 
growing in the Kavirondo Gulf at the rate of about 0.2 cm. a month. 
This is a surprisingly low rate, particularly as T. esculenta in ponds can 
grow to 16-19 cm. in about seven months. 
No growth was shown by fish recaptured during a period of less than 
. sixty days since being marked ; it is possible therefore that the type 
of mark used may affect the growth rate. Aquarium observations 
however, did not suggest that the opercular mark would interfere with 
feeding, and the Fishery Officer who receives the recaptured fish reports 
that they appear to be in good condition. These fish may however 
particularly slow-growing as a high proportion of them were brooding 
eggs or fry when marked. Tilapia visit particular areas in the lake 
according to the state of their gonads, and the Lake Victoria FIsheries 
Service marking area appears to be within a regular" brooding ground ". 
It is well known that Tilapia grow slowly when brooding or breeding. 
The only T. variabilis to be recaptured after more than a month had 
not grown at all. Some individuals of this species moved considerable 
distances in a short time after being marked ; one was recaptured ten 
miles away one day after being marked. 
caught
There are unfortunately no data on the growth of marked fish smaller 
than 21 .cm. but the analysis of length frequencies of small T. esculenta 
III swamp nurseries near Jinja suggests that in this area they 
-, 'fft' t 
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grow about 10 em. in their first year. Growth curves for fish folloW 
• general pattern, and in accordance with this, it is reasonable to suppo~ 
that the T. esculenta in Lake Victoria may increase in length by about 
8 em. in the second year, and by about 4 cm. in the third year, bringing 
them to an average length of about 22 cm. by the end of the third year. 
The first signs of maturation are generally shown at about this length. 
The marking experiments suggest that growth in the Kavirondo Gulf 
then proceeds at a rate of about 2 cm. per year. On this reckoning a 
27 em. T. esculenta, the lower limit caught in the commercial five inch 
gillnet, would be about five years old. It has previously been considered 
(mainly from a study of length frequencies) that T. esculenta might grow 
to "small breeding size" (22-26 cm.) in about eighteen months, and grow 
from" small" to "large breeding size" (28-30 cm.) in a further six 
months. It is hoped that further analysis will help to solve the discre­
pancy between these estimates ; almost certainly there are wide differences 
in growth rate in different parts of the lake. Meanwhile, the results 
from marking experiments represent the most positive evidence available 
on rates of growth and serious consideration must be given to the very 
slow rates recorded. 
In ponds T. esculenta and T. variabilis have been found to grow up 
to 19 cm. in about seven months, but their life cycle is very different 
in ponds as these fish then breed at this size. 
The marking experiments on T. nilotica in Lake George indicate·that 
fish between 17 and 25 cm. long are growing at an average rate of about 
0.8 cm. a month. Plotting and extrapolating these data indicate that 
they do not reach breeding size until they are about three years old. 
Data on the growth rate of Tilapia spp. from dams and ponds are 
summarized in Appendix C ; in most cases these fish when grown in 
ponds start breeding when less than one year old.. 
Vaas and Hofstede in "Studies on T. mossambica in Indonesia" 
say that this species reaches minimum breeding size at 8-9 cm. in two to­
three months, which gives an average growth of about 3.4 cm per month. 
De Bont found that T. macrochir, and T. melanopleura, in ponds at 
Elizabethville grew to 19-20 cm. in ten months, i.e. about 2 cm. per month. 
Among the species listed in Appendix C, T. zillii appears to be the 
fastest growing species averaging up to 3.5 c.m per month. T. zillii eats 
water weeds which are abundant in these dams and often carry a good 
growth of epiphytic diatoms. The other species feed mainly on alga,e, 
either epiphytic algae or algae growing on the mud surface or suspended 
in the water. T. nilotica also showed rapid growth in Ojama dam, 
growing from about 10 cm. to 3I cm. in six and a half months. 
Among certain species of Tilapia in East Africa there· is a marked 
difference in size between the mature males and females ; where this 
occurs the male is always the larger fish. This may be due to the males 
growing faster than the females throughout life, or to the growth rate of 
the females slowing down more markedly than that of the males when 
they start to breed. There is a considerable expenditure of both energy 
and substance by the females on spawning and they eat very little during 
the period when they are brooding the eggs and young in their mouths. 
;Brown and van Someren in Kenya have put forward the advantages 
, 'mt)e 
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,/:.esculenta, T. variabilis and T. leucosticta, the range is not so marked:· of" mono-sex culture" for Tilapia in fishponds; this is onlypr~tica.bJ~f:
 
De Bont reports that in T. sparrmani the breeding size remained -very
when the immature males actually grow faster than the females so ~f,
 
the sex of the fry can be distinguished by their size. There is therefo~ ; constant under varying conditions.
 
considerable -practical importance in knowing whether the twosetle.
 
- Very little is known about the age of Tilapia from natural waters.
grow at the same rate or not in the various species of Tilapia. It is clear however, from experiments with T. esculenta that in this species 
at least, sexual maturity is not necessarily a function of either the age Vaas has shown for T. mossambica and Brown and van Someren for 
or the size of the fish. T. esculents breed when six months old in ponds T. nigra, that immature males actually grow faster than immature females! _'
 
at Korogwe, and when four months old in Malya ponds. On the other
 These species both belong to the same group of Tilapia in which the male
 
hand, some kept in a livebox in the lake at Jinja were still immature
 generally develops a larger mouth than the female so may possibly be
 
after eighteen months and the same was found for others kept in the
eating more food. The males of the Lake Jipe Tilapia also show this
 
laboratory. Marking experiments in the Kavirondo Gulf also suggest
 characteristic and again they grow larger than the females. In T.
 
that they may take several years to reach breeding size in the lake. There
karomo and T. leucosticta too, the male is characteristically larger than
 
may however be some correlation between rate of growth and minimum
 the female. 
spawning size. 
In the other main division of the Tilapias males and females appear­
to grow at the same rate until they mature. Subsequently males and Food, its quantity, quality and digestibility, affects the growth rate, 
females may grow at different rates determined by environmental condi­ but whether it has a direct effect on the breeding size is not clear. In 
tions, this differential growth may occur in T. nilotica, T. -variabilis and the Malagarasi Swamps the T. nilotica were full of food and had much 
T. zillii, but has not been observed in T. esculenta. fat, but started to spawn at a .relatively small size. In Lake Victoria 
the T. esculenta and T. variabilis normally develop a ribbon of fat along 
Male and female T. nilotica from Lakes Rudolf, Albert, Edward, and the intestine when about 22 cm. long, just before reaching spawning size, 
George and from some other lakes and dams were found to be of similar but in dams and ponds spawning occurs in the absence of any intestinal 
sizes. On the other hand in Buhuku lagoon, a highly alkaline lagoon fat and when the fish may be in poor condition. 
cut off from Lake Albert, the females were markedly smaller than the 
males. In this lagoon the T. nilotica were in very poor condition and It is possible that the s'mall size at which these fish breed in ponds
breeding at a very small size ; there were also many more males than is due partly to shallow water and the high light intensity to which they 
females. In Lake Baringo, Worthington records that the male T. nilotica are exposed ; the bright sunlight in the clear shallow waters of the Mala­
were larger than the female. The Lake Jipe Tilapia in one of the Taveta garasi Swamps may explain the relatively small breeding size of T. nilotica 
ponds also had very small females ; here again the fish were in very
 in these swamps.
 
poor condition and there was a high predominance of males to females.
 
It seems possible that a very unequal sex ratio may affect the initial This brief review of field data collected on the growth rate of the
 
spawning size of the two sexes and subsequent growth. several species of Tilapia and on their size and age when they may first
 
reach sexual maturity may appear confusing; there are certainly many 
Male and female T. variabilis from Lake Victoria are generally of a factors involved, but the problem is not insoluble and as already stated 
similar size. In Lake Salisbury, however, where they breed at a smaller a solution cannot be expected from the collection of field data alone. 
size than they do in Lake Victoria, the males appear to be slightly larger The field data indicate future lines of research, which clearly must take 
than the females. In T. nilotica and T. variabilis ultimate size is usually the form of investigation into the physiology of these fish and into the 
less in small bodies of water than it is in large and the differential size biochemistry of their food. These lines of research are discussed below 
of the two sexes more pronounced. in the section on Fish Physiology. 
In the Teso dams all T. zillii over 28 cm. and all T. leucosticta o\'er 
TILAPIA IN DAMS24 cm. were males. In these species the size difference again appears 
more pronounced in fish from dams than in fish from the lakes, but About eighty-five dams in the Teso and Lango districts have been 
here growth in the dams was very good. stocked with Tilapia by the Game and Fisheries Department of Uganda, 
and about twenty of these were stocked with fish from Lake Albert. 
Some of the factors which affect the size at which Tilapia mature can These Lake Albert Tilapia were originally introduced in April, 1951 ; 
be discussed. Appendix C summarizes data on the minimum size at it was thought that T. zillii, a species very like T. melanopleura, might 
w~~h T. nilotica may reach sexual maturity, and also gives data on the help to control the growth of water weeds. The dams were constructed 
lllimmum breeding size of other species of Tilapia from various waters. for watering livestock. It was therefore desirable to control the growth 
Extensive experimental work under controlled conditions is necessary to of weeds as they accelerate the silting-up of a dam. The opportunity 
was also taken to try out other Tilapia spp. from Lake Albert, namely determine the importance, or relative importance, of the various factors 
that affect the onset of maturity. Certain species appear much more T. nilotica and T. galilaea. ­
responsive than others to environmental conditions, e.g. in T. nilotica Some of these dams were visited in February, and it was found that the minimum breeding size has been found to range from 39 em. fry of T. leucosticta must have been introduced into this area as well; no Lake Rudolf to 12 cm. in Buhuku Lagoon, whereas in the other species 
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T. galilaea were found in any of the dams so it seems likely that~" 
y'oung T. leueosticta were mistaken for T. galilaea when the dams w. 
stocked. ' 
In Kidetok Dam the Uganda Game Department found that T. zillii' 
try put into the dam when 2-10 cm. in length grew to 20 em. and started. . 
to breed after four months ; at the end of twelve months they were .. 
23-28 cm. long and after twenty-two months they were up to 32 cm. lo~. • 
These fish were in very good condition and had much fat. The guts 
were full of chewed water weed. including Ceratophyllum, a weed which 
very rapidly chokes dams. The dense weed beds of Hydrilla vertieilla'a 
present when Kidetok Dam was examined in April, 1951, had disappeare<l 
by February, 1953, but the white water lilies remained. 
T. leueostieta does well in dams with muddy bottoms and not much 
weed and as a complementary species to the weed-eating T. zi/lii. In 
its natural habitat in Lake Albert this species feeds mainly on algae off the 
bottom mud. Fish up to 32 cm. and 610 gm. (Ii lb.) were caught in 
the Teso dams twenty-two months after they were stocked with 3-10 cm. 
fish. The fish were in very good condition and breeding freely. The 
males are larger than the females t all fish over 24 cm. being males. The 
males appear to mature at about 22-23 cm. whereas the females were 
maturing at about 20 cm. Females were found carrying yolked fry in 
the mouth, which has not been recorded previously for this species. 
The T. ni/otiea caught had grown very well in these dams but had not 
reproduced freely. T. eseulenta were present in some dams; their 
poor growth confirmed that they are not a good species for dams, but 
T. variabilis did well in some. T. variabilis were spawning when these 
dams were visited in late February, although .. wild" T. variabilis in 
Lake Salisbury were showing little sign of spawning activity at this time; 
the water level in both Lake Salisbury and the dams was very low. 
T. zillii and T. leueostieta were introduced into dams in the Mbarara 
district by the Uganda Game and Fisheries Department in April, 1953, 
in an attempt to control weed. These dams were examined in August 
and it was found that they were quite unsuitable for these fish; see Hydro­
logical section of this report. 
Nearly all the dams in Teso and Ankole had large numbers of snails, 
including the vectors of cattle liver fluke and bilharzia. The dams were 
built primarily for watering cattle and it is suggested that mollusc-eating 
fish should be introduced to help control the snails. 
HAPLOCHROMIS 
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expected that this study will provide data on the evolution of certain 
anatomical and osteological characteristics. Papers dealing with these 
two species groups are in preparation. 
MORMYRUS 
Fleets of gill nets, consisting of 2", 3", 31", 4" and 5" mesh were set 
throughout the year in a deep water station at the south end of the 
Rosebery Channel. The depth of this station is about ninety feet 
and the bottom is composed of mud, through which rocks protruded. 
This type of bottom appears to be the kind selected by Mormyrus, particu­
larly when spawning. 
The results of these catches are recorded in Appendix C. It was 
found that the majority of these fish were breeding between the months 
of November and January. This year the breeding season appears 
to be at least two months later than last year, thus a period of fourteen 
months has elapsed between the peak of the last two spawning seasons. 
The records in the Appendix also show the numbers of other fish caught 
in the deep water. 
PROTOPTERUS 
The one-acre dam on the Uganda Company's Estate at Nantango 
was drained between the 23rd and 26th September, 1953, by the Uganda 
Game and Fisheries Department, to whom we are grateful for information. 
The history of the dam is as follows ; it was originally stocked by the 
Game Department in 1946 with Tilapia esculenta from the Kabaka's lake. 
These fish were probably introduced under the impression that they were 
Bluegill Sunfish. In December, 1948, we introduced about twenty 
Protopterus under nine inches in length. There is no record of any 
other introductions to this dam. 
680 pounds of Protopterus were caught after the pond was drained 
and about 850 pounds of very small T. eseulenta. Some of the Protop­
terus had grown to a large size, the largest being twenty-six pounds. 
For details regarding these fish see Appendix C. 
FISH PHYSIOLOGY 
RESPIRATION 
Work has continued on the ecology and taxonomy of the Haploehromis Mass mortalities of fi,sh have been reported from time to time in certain 
spp. Particular attention has been paid to the endemic mono-typic • lakes, for example Nile Perch in Lake Albert; usually no adequategenera, Hoploti/apia retrodens, Platytaeniodus degeni and Macropleurodus 
explanation has been forthcoming. On such occasions, the fish havebieolor, and their apparently related Haplochromis species. The mOno­
appeared to be in good condition and neither damaged nor heavilytypic genera are of particular interest taxonoinically because although parasitised. The most likely explanation' for these mortalities is asphy­they are clearly separated from the main Haplochromis flock and from 
xiation due to a sudden ~hange in the hydrological conditions of theonc anothet,they are related to yin species of HllplochromiJ~ ·-!tis 
tnrtti l t ,O",oot'. ,1 r - f r" $ " . , J #H .... : , ' .......:"..~ __~~""'""--'-_ ... _..:..' . ,'lite 'itt ' r' , ••
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lake which have caused a rise in carbon dioxide or a fall in oxygen con~\, 
centrations in t~e water.. Some experiments have therefore been. carried;~ 
out on the respIratory pIgment of the commoner fish. 
constructed relating the percentage saturation of th~ir 
to the amount of oxygen and carbon dioxide present. Professor Beadle 
of Makerere College has allowed us to use some of the apparatus in. 
his laboratory and has been most helpful in discussing and solving some 
of the practical problems involved. The East African Railways and 
Harbours at Butiaba co-operated by providing facilities for collecting 
Nile Perch from Lake Albert and the Water Pollution Research Labora~ory 
in England provided some very useful literature on the subject. 
Oxygen dissociation curves have now been constructed for the blood 
of Lates albertianus, Mormyrus kannume, Bagrus docmac, and 
esculenta. 
Blood samples were taken from each fish and exposed to gas mixtures 
of oxygen and nitrogen, or oxygen, nitrogen and carbon dioxide, the 
amounts of oxygen and carbon dioxide being carefully measured. 
spectrum of the haemoglobin after attaining equilibrium with any parti­
cular gas mixture was then observed, and the degree of formation of 
oxyhaemoglobin estimated by comparison with human blood. 
comparison was done using an apparatus constructed by 
Beadle in which the spectrum of human blood could be observed at any 
degree of oxygenation or deoxygenation. 
In the Nile Perch, Lates albertianus, it was discovered that the blood 
is fully saturated with oxygen at a partial pressure of about 72 
With the same partial pressure of oxygen and, in addition, 25 mm. 
carbon dioxide, the blood is only about 66 %saturated. The haemoglobin 
of L. albertianus must therefore be considered very sensitive to the 
centration of carbon dioxide present. The blood of Tilapia 
behaves in a similar manner to that of Lates, but required less oxygen to 
achieve 100 % saturation. This blood is saturated with oxygen at 
partial pressure of about 23 mm.; the addition of 25 mm. carbon dioxide 
depresses the percentage saturation to about 80 %. 
The blood of both Bagrus and Mormyrus however, behaves in a very 
different manner. The blood of both these fish is saturated with oxygen 
at very low partial pressures; 2-3 mm. oxygen is sufficient in the 
of Bagrus and 3-4 mm. oxygen for Mormyrus. Moreover the presence 
of 25 mm. of carbon dioxide had relatively little effect on the absorption 
of oxygen. The ability of these two species of fish to utilise oxygen at 
low concentrations can be related to their ecology. They both frequent 
deep water where there is often little oxygen and sometimes considerable 
amounts of carbon dioxide in solution. On the other hand Nile Perch 
and Tilapia are usually only found in water containing considerable 
amounts of dissolved oxygen. However, a change in hydrological 
conditions may sometimes lead to a rapid reduction in the amount of 
available oxygen in the surface waters of a lake. This would adversely 
effect the respiration of Lates, and to a lesser extent Tilapia, but would
• not affect Mormyrus or Bagrus. 
COPPER POISONING 
Mr. H". A. Harbottle, Pollution Control Officer to the Uganda Govern­
ment, carried out with our assistance some preliminary experiments 
...
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on the toxicity of copper sulphate to T. nilotica. These fish were obtained 
from Lake George and the experiments were carried out in order to 
assess the possible dangers arising from the pollution of Lake George 
by water containing copper sulphate derived from the mining and smelting 
operations to be carried out by Kilembe Mines. 
Copper sulphate is poisonous to fish because it combines with the 
mucus on the gills to form a copper proteinate which restricts respiration. 
These experiments were not entirely conclusive, but it can be said 
that the concentration of copper sulphate in the water must exceed 0.3 
parts per million before it has any harmful effect on these fish. 
GROWTH AND MATURATION OF TILAPIA. 
A brief account of field data collected on the growth and maturation 
of Tilapia has already been given. These two problems, though related, 
can, to a limited extent, be considered separately, and as far as this is 
possible, it is desirable to do so, if only to present the problem in a 
comprehensible manner. While these fish are immature there can 
really be little confusion between the two problems, except in so far as 
it has been found that in certain species the males may grow faster than 
females. 
It would seem to be self-evident that growth must be determined 
primarily by the amount of food eaten ; therefore, as a first approach 
to this subject, a study has been made of the food of these fish and the 
information collected can now be considered both in general terms and 
in some detail. 
It will be realized that even under the most favourable circumstances a 
herbivorous animal has to spend a great part of its life feeding, in order 
to take in enough food to meet its own requirements. Tilapia are no 
exception ; their food is very bulky, particularly so in the case of the 
plankton feeders. Fourteen hundred grams of "wet plankton ", i.e. 
plankton from which water has been removed merely by filtration, 
yields a dry weight of only 100 gms., about 15 %of this is protein. Thus 
about 1,400 gms. of plankton have to be eaten, digested, and assimilated 
to provide 15 gms. of dry protein. This plankton has to be filtered from 
a very large volume of water and this feeding process requires the ex­
penditure of energy and the secretion of mucus which is used to coagulate 
the plankton. Growth of these fish must become impossible if the density 
of the plankton falls below a certain value, or if, for any reason, a portion 
the plankton is not suitable as food. We have shown, and reported on 
earlier, that much of the food eaten by Tilapia is not digested; the fact 
that in certain lakes Tilapia feed largely on blue-green algae, which pass 
undamaged through their guts, was put forward as an explanation for 
their poor growth. This is no doubt a true explanation, as regards 
fish from those particular lakes, but further very interesting data have 
come to light as a sequel to the marking experiments in the Kavirondo 
Gulf and Lake George. 
It has been found that the Tilapia in Lake George are growing nearly 
four times as fast as those in the Kavirondo Gulf, yet only half the food 
eaten by them is digested, while the Tilapia in the Kavirondo Gulf are 
feeding mainly on digestible food. In both cases the food that is'digested 
is composed of diatoms mostly of the same species. Thus it appears 
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that the fish in Lake George, which are digesting less food,· are growing· 
faster than the fish in the Kavirondo Gulf. An explanation for this 
must, it seems, lie in the quality of these diatoms as food. This point 
can only be settled by a thorough biochemical analyses of the diatoms 
from the two lakes. 
The fact that sulphates are a factor controlling the growth of the phy­
toplankton in Lake Victoria suggests that the diatoms growing in this 
lake contain only the minimum amount of sulphur consistent with their 
existence. In other words they should perhaps be classed as food of 
poor quality, as they may contain only very small amounts of the essential 
amino-acids which contain sulphur, whereas the diatoms in Lake George 
should perhaps be classed as food of good quality. This study is rather 
beyond our present resources ; an attempt was made to estimate the 
amount of sulphur in a dried sample of plankton and the amount present 
was found to be too small to be detected by the method used. 
The rapid growth made by T. zillii, which feeds on higher plants, 
may by contrast serve to illustrate the idea that the quality of the food 
is a factor of great importance in determining growth rate. The plants 
on which T. zillii feed have their roots in the mud, which is extremely 
fertile. One must assume that the growth of these plants is in no way 
restricted by chemical deficiencies and that they may therefore prove 
to be on analysis food of high quality. 
Fish grow well in those lakes where sulphates are present in solution 
in amounts in excess of the requirements of the phytoplankton, for example 
in Lakes Rudolf and Naivasha. In Lake Rudolf Tilapia nilotica grow 
to a greater size than anywhere else in East Africa and in Lake Naivasha 
Tilapia nigra grow extremely well ; we are very grateful to Mr. H. Copley 
of the Fisheries Department ,Kenya, for the following personally com­
municated information on the Tilapia nigra in Lake Naivasha : 
" In August, 1926, 450 Tilapia nigra were placed in Lake Naivasha, 
to act as forage food for Black Bass. These Tilapia came from Mr. 
Clay's Dam at Donyo Sabuk. 
From the date of stocking, the lake produced Tilapia of 1t lb. in 
weight in seventeen months. The two largest Tilapia taken from Lake 
Naivasha were 41- lb. and 4t lb. respectively, caught in 1934." 
Although the point has yet to be proved there does seem to be a con­
siderable amount of evidence, both from natural waters and from artifi­
cially constructed ponds, to show that the growth rate of Tilapia is good 
where the supply of sulphates is adequate. 
In presenting this hypothesis it may appear that undue emphasis has 
been laid on the part played by sulphates. It is not however intended to 
imply that sulphur is more necessary for the growth of fish than other 
elements. The emphasis should really lie on the statement made previ­
ously that lack of sulphates is probably the most important single chemical 
factor affecting the fertility of African inland waters. If this original 
statement is true, it follows that the affect of this shortage will be reflected 
in the chemical composition of the plants growing in these waters and 
further reflected in the growth of the animals feeding on these plants. 
A parallel to this problem may exist on land, as it seems from recent 
reports that sulphates are jn short supply in many African soils. 
.~~ 
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We must now consider the problem presented by the variable age and 
size at which Tilapia reach sexual maturity. Certain basic food require­
ments must of course be met before these fish can grow to complete sexual 
maturity, but, once this food is provided, there seem to be other factors 
which either accelerate or retard sexual development. 
It is common to find fish breeding at a small size in small bodies of 
water, but this may also occur in quite large lakes, Kijanebolola for 
example. The factor common to these waters appears to be their shallow­
ness. Thus it seems one should say that in shallow waters it is usual to 
find fish maturing at a small size, unless the water is extremely turbid as 
for instance in Lake George. 
After giving much thought to this matter it seems that the intensity 
of light to which these fish are subjected is a very important factor in 
determining the onset of maturity. The stronger the light the sooner 
they develop sexually. This light factor is a difficult one to assess, 
because the light received is not merely a function of the depth of 
water. Both the depth of water and its turbidity have to be considered 
and also the opportunities open to the fish to find shade under the leaves 
of aquatic plants or elsewhere. 
It is not possible in this report to describe all the evidence, or to assess 
the relative value of the various data, some of which is contained in 
Appendix C, but this theory we think can be put forward as a working 
hypothesis on which to base future observations and experiments. 
Assistance in the solution of this problem must be sought from all 
those persons interested. For instance, anyone growing fish in dams 
can help by making at least approximate estimations of their growth 
rate and keeping notes on such things as the depth of water in which 
they are living and its turbidity and the presence or absence of plants 
which may provide shade. They could also assist by constructing 
floating rafts in order to provide shade and note whether the fish do in 
fact shelter under them. The Kenya Fisheries Department have achieved 
a better growth in some of their ponds by suspending hurdles in an east 
and west direction. This was done in order to provide a substratum 
on which algae could grow. These hurdles however must also have 
provided some shade and this may have contributed to the results obtained. 
Aronson, Bullough, and others have shown that the amount of light 
received by fish does affect the frequency with which they breed. Bullough 
found moreover that by artificially tincreasing the length of day he 
could cause minnows to reach sexual maturity sooner than they would 
have normally. In the light of these and other data it is not unreasonable 
to suppose that intense illumination may accelerate the onset of maturity 
among Tilapia spp. The mechanism for this effect is presumed to be 
due to stimulation through the eyes affecting the pituitary gland which 
in turn affects the other endocrine glands which regulate the sexual cycle. 
As already indicated there are of course many other factors which 
playa part in determining both the growth rate and the onset of maturity, 
but it seems that the two more important factors are, the quality of the 
food eaten and the amount of light to which these fish are exposed. 
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APPENDIX Al 
LAKE RUDOLF 
Sampled 17.1.53. 
Analysed 23.1.53. 
Station: 4 miles north-east of spit by Ferguson Gulf-1420 hours.
 
Total Depth 37 metres.
 
Surface 10 m. 20 m. 30 m. 35 m. 
pH (in field) 9.7 9.6 9.6 9.7 9.5 
Temperature DC. 29.6 27.8 27.7 27.3 26.9 
Oxygen (ppm) 7.1 7.1 6.6 6.2 6.2 
% Saturation 93 89 83 77 77 
pH (Laboratory) 9.28 9.32 9.32 9.33 9.37 
Alkalinity N ~ 10- 4 216 215 215 215 218 
Chloride (ppm) 320 320 320 320 256 
Sulphate 
" 
57.6 56 nd. nd. 64 
Phosphate ,. 0.5 0.4 0.4 0.4 0.4 
Ammonia 
" 
nd. nd. nd. nd. nd. 
Nitrite 
" 
nd. nd. nd. 0.004 nd. 
Nitrate 
" 
nd. nd. nd. nd. nd. 
Silicate 
" 
24 24 24 24 32 
Calcium (ppt) 5.7 nd. nd. nd. 6.7 
Calcium (titr) 5.8 5.85 4.8 5.6 5.6 
Magnesium (ppm) nd. nd. nd. 5.3 nd. 
Iron (Total) nd. nd. nd. nd. Trace 
nd.=not detectable. 
APPENDIX A2 
LAKE ALBERT 
Sampled 23.7.53. 
Analysed 18.9.53. 
Station: 5 miles out from Butiaba-1400 hours
 
Total Depth 44 metres: Isothermal 80°F.
 
SURFACE 43 METRES 
Temperature DC. 28 27 
Conductivity 700 720 
Alkalinity N x 10- 4 70 74 
Chloride (ppm) 21 33 
Sulphate " 21.3 26.6 
Phosphate " 0.15 0.15 
Ammonia nd. 0.20 
Nitrite nd. nd. 
• Silicate 3 5 
Calcium 10.0 9.4 
Iron (Total) nd. nd. 
_ _
----
---
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APPENDIX A3 APPENDIX A5 
LAKE EDWARD 
LAKE BUNYONI (KABALE)
Sampled 26.3.53.
 
Station: 0° 15' S.-29° 35' E. Analysed 2.4.53.
 
Time : 1600 hours 
'I I I I I I . 
______~ACE _2~m~ 2.0 mJ-=.s~~! 38 m. 40 m. 60 m. 80 m. Total Depth 21 metres. 
Temperature °C. 26.1 I 25.5 25.41' 25.25125.2 . 1 25.2 25.0 24.95
 
Oxygen (ppm)- . 6.86 I 4.4 3.95 4.63 nd. nd. nd. nd. DEPTH
 OXYGENTEMPERATURE ·C. 
pH (Laboratory) 9.08 I 9.12 - I - - 9.05 8.98 8.96
 
Conductivity 900 I 900 - - - 900 900 900
 
1 21.0 7.05SurfaceAlkalinity Nx 10- 4 147 . 103.5 ' - 128 115 106 20.45 6.405 metresChloride (ppm( 23.2 II 23.2 - - 23.2 23.2 23.2 20.2 4.5710 ..Sulphate .. 72 I 46 - - - 100 52 52 
- nil19.815 ..Phosphate .. 0.05, 0.038 - 0.1 0.2 0.3 19.65 nil16 ..A~~onia .. 0.14 I 0.14 - - - 0.2 0.48 0.92 19.4 nil17 " N~tnte " nd. Ind. - - - 0.008 nd. nd. 19.15 nil19 " Nitrate " nd. nd. - - nd. od. nd. 19.15 nil20 " Silicate " 5 : 5 - - 8 12 16 21 metres (mud) 19.30 nil 
Calcium " 14.0 113.4 - - 13.4 13.2 13.0
 
Magnesium" 31.8 37.6 - - 1- 28.2 26.8 32.4
 
Iron (Total) nd. i nd.. - - I - nd. nd. nd. 
APPENDIX A4 
LAKE GEORGE Sampled 26.11.53. 
Analysed 28.11.53. Sampled 24.3.53. 
Analysed 30.3.53. 
MPANGA INFLOW LAKE GEORGE 
SURFACE 2 METRES SURFACE 2 METRES 
20.4Temperature °C. 20.4 26.8 24.95
 
Oxygen (ppm)
 0 1.2 3.2
 
pH (Laboratory)
 
0 
8.23 8.58
 
Conductivity
 
8.93 
175 185
 
Alkalinity N x 10 - 4
 
180 
21.4
 
Chloride (ppm)
 
17 22.8 
3.3 3 5
 
Sulphate
 nd.2.8 nd.
" 
LAKE BUNYONI OUTPLOW OF BUNYONJ 
TO MUTANDA 
pH (Laboratory) 
SURFACE 
7.0S 7.23 
Conductivity 99 135 
Alkaliiuty N x 10- 4 12 19.8 
Chloride (ppm) 6 18 
SUlphate nd. nd. 
Phosphate .. od. od. 
Nitrite nd. 0.03 
Nitrate nd. od. 
Silicate 2 4 
Trace0.2 nd.Phosphate .. Calcium 11.3 19.2 
Ammonia 0.32 0.96 1.04 Iron (Total) nd. nd.
" 0.005nd.Nitrite 0.32
" nd.Nitrate 0.125 nd. ~ " 32
 
Calcium ..
 
32Silicate .. 24 
19.4
 
Magnesium "
 
17.814.6 
2.68
 
Iron (Total)
 
2.53.6 
nd.nd. nd. 
-
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APPENDIX A7 
.&~a~ ~- ~-& U- k 
J T T T T T r, ~ j=Ii .... 
A B C D E F Gr H 
ABCDErGH ABCDEI=G.H 
tr. r'lli ~ed.o)( ~Y> ~ Coneiu.c . 3G1 lvity lOC :~ potential 101 .•200 
H.U. 
~ NH3 . p~~ CoLour zo~ 05 10( 0l> 
%SZlC~ N03 
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APPENDIX A6 
LAKE KIOGA 
Sampled 26.6.53.Station: 1 mile from Bugondo-llOO hours 
Analysed 1.7.53.Total Depth 8 feet : Large area of water lilies. 
pH (in field) 
Temperature ·C. 
Oxygen (ppm)
 
%Saturation
 
Conductivity
 
Alkalinity N x 10- 4
 
Chloride (ppm)
 
Sulphate ..
 
Phosphate ..
 
Ammonia ..
 
Nitrite ..
 
Nitrate ..
 
Silicate .. 
Free CO2 
" Calcium .. 
Magnesium .. 
Iron (Total) 
SURFACE 
7.6 
28.0 
3.51 
50 
320 
32.1 
1.5 
nd. 
Tra~ 
0.04 
0.002 
nd. 
6 
5.3 
20.8 
1.95 
nd. 
5 FEET 
7.4 
25.7 
1.48 
19 
325 
31.6 
1.5 
nd. 
Trace 
Trace 
nd. 
nd. 
4 
8.9 
21.9 
1.65 
nd. 
8 FEET 
7.1 
25.6 
0.28 
0.38 
355 
31.4 
2.7 
nd. 
0.025 
Trace 
nd. 
nd. 
2 
16.9 
23.7 
2.0 
nd. 
F'G. 3.-Gradient of conditions in the surface water of the swamp 
between the open water and the shore. Bugangu. 13-14/5/53. 
Papyrus here about 50 yds. wide. 
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APPENDIX A8 
MABIRA DAM 
(Mbarara) Sampled 19.8.S.3. 
Time: 0915 hours. Analysed 19.8.53. 
Total Depth 3 metres-Very large dam, clear water, many duck 
SURFACE 0.5m. 1.0 m. 1.5 m. 2.0 m. 2.5 m. 3.0 m. 
pH (in field) 
Temperature 0c. 
Oxygen (ppm) 
%Saturation 
pH (Laboratory) 
Conductivity 
Sulphate (ppm) 
Phosphate .. 
Ammonia 
" Nitrite 
Calcium .. " 
6.1 
21.6 
3.86 
43 
7.6 
8.1 
nil 
nil 
nil 
0.206 
14.8 
21.5 
3.95 
44 
21.5 
4.02 
45 
21.5 
4.13 
46 
21.5 
3.65 
41 
21.5 
3.60 
41 
21.4 
Mud 
APPENDIX AIO 
KIDETOK DAM 
(Teso) 
Sampled 24.6.53. 
Time; 1300 hours Analysed 1.7.53. 
Total Depth 1.8 metres-Mud Temperature 24.6°C. 
APPENDIX A9
 
NYAKASHARA DAM
 
(Mile 6 Ibanda Road Mbarara) 
SURFACE 0.5 METRES 1.0METRES 1.5 METRES 
Temperature °C. 
Oxygen (ppm) 
pH (Laboratory) 
Conductivity 
Alkalinity N x 10- 4 
Chloride (ppm) 
Sulphate ., 
Phosphate 
.'Ammonia ., 
Nitrite .. 
Nitrate ,. . 
Silicate .. 
Calcium .. 
Magnesium .. 
Iron (rota\) 
27.5 
4.3 
6.1 
130 
13.1 
Trace 
nd. 
Trace 
0.4 
nd. 
nd. 
2 
13.6 
3.2 
nd. 
25.5 
3.4 
25.2 
2.4 
--­
24.9 
1.3 
6.18 
135 
13.4 
nd. 
nd. 
Trace 
0.72 
0.04 
nd. 
8 
13.2 
2.68 
-lid. 
Time ; 1100 hours 
Total Depth 1.5 metres. 
pH (in field) 
Temperature °C. 
Oxygen (ppm) 
%Saturation 
Conductivity 
Sulphate (ppm) 
Phosphate 
Ammonia ".. 
Nitrite .. 
Calcium .. 
WATER WITH SURFACE OF
 
WATER LILY LEAVES
 
SURFACE 
6.1 
23.4 
8.11 
93 
42 
nd. 
0.3 
0.36 
nd. 
4.8 
I m. 
5.5 
18.4 
nil 
0 
45 
Trace 
0.425 
0.2 
nd. 
5.3 
.
 
1.5 m. 
-

17.6 
Mud 
Sampled 17.8.53.
 
Analysed 17.8.53.
 
OPEN WATER 
SURFACE 
6.1 
19.45 
0.514 
5 
42 
nd. 
0.425 
0.28 
nd. 
4.1 
1.5 m. 
5.8 
17.7 
nil 
0 
50 
nd. 
0.5 
0.32 
nd. 
5.6 
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APPENDIX B. 
ZOOPLANKTON 
LAKE VICTORIA 
OPEN WATER STATION 3 
CLADOCERA: COPEPODA: 
Diaphanosorna excisurn 
Daphnia longispina Diaptomus spo (cp. galeboides) 
Daphnia lumholtzi 
Sirnocephalus vetulus Cyclops (Mesocyclops) leukart 
Bosrnina longirostris 
Alona sp. Cyclops (Thermocyclops) sp. 
Ceriodaphnia sp. 
Monia spo 
LAKE EDWARD 
CLADOCERA: COPEPODA: 
Daphnia longispina Cyclops (Mesocyclops) leukarti 
Ceriodaphnia sp. (cpo rigaudi) Cyclops (Therrnocylops) sp. 
Diaphanosorna excisurn Cyclops (Tropocyclops) sp. 
LAKE GEORGE 
CLADOCERA: COPEPODA: 
Hyalodaphnia barbata Mesocyclop~ leukarti 
Ceriodaphnia sp. Tropoc}!clops 
Alona sp. 
LAKE NAIVASHA 
ROTIFERA: 
Brachionus calciflorus (=B. pala) 
Filinia (=Triarthra) longiseta 
Tetramastix opoliensis var. longiseta 
Keratella near paludosa (=Anurea oculeata) 
Keratella quadrata valga var. tropica 
Rartulus sp. (=Tricocerca) 
Asplankna sp. 
Pedalion sp. 
Supplied by D. HARDING. 
t 
';,\."'-~l~'· 
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MARKING EXPERIMENTS BY LAKE VICTORIA FISHERIES
 
SERVICE AND BY. THE UGANDA GAME AND FISHERIES
 
DEPARTMENT
 
LAKE vrCfORIA-KAVIRONDO GULF LAKE GEORGE 
SPECIES T. esculenta T. variabi/is T. ni/otica 
Marking started . .• August, 1952 August, 1952 June, 1952 
Number marked 2289 231 
Number recaptured 
1003 
44 24 19
 
%recaptured ..
 8.2% 
Number of days free 
1.9% 2.4% 
7-119 
Number recaptured after more 
.than one month free 
1-313 1-75 
0 • 17 
Average growth per month .. 
15 
0.2 em. 0.8 em. 
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APPENDIX C3
 
THE GROWTH OF TlLAPlA NILOTICA IN VARIOUS LAKES
 
LOCALITY 
Lake Rudolf, Ferguson Gulf 
Lake Albert 
Lake George and Kazinga Channel 
Lake Edward 
Teso Dams--Kidetok 
Ojama 
Telamot 
Opuyu 
Lake Kivu 
Lake Bunyoni 
Malagarasi Swamps 
Koki Lakes-Nakavali 
Chanagwora 
Kijanebalola 
ABkole Crater Lakes-Niungu 
Katinda 
Nkugute 
Buhuku Lagoon (Lake Albert) 
MINIMUM BREEDING 
SIZE CM. 
39 
28 
28 
25 
26 
22 
(22) 
24 
23 
17 
18 
24 
24 
12 f. 
14m 
MAX. SIZE 
SEEN CM. 
63 
42 
39 
36 
33 
31 
(26) 
31 
36 
29 
30 
29 
32 
33 
29 
30 
23 f. 
26 m 
CONDITION 
OF FISH 
Good 
Good 
Good 
Good 
Good 
No fat 
No fat 
Thin 
Very good 
Good 
Poor 
Poor 
Poor 
Good 
Poor 
Very 
Poor 
pH 
9.7 
9.0 
9.1 
9.1 
6.1 
7.8 
7.5 
7.2 
7.0 
7.6 
(7.0) 
8.2 
9.4 
9.6 
9.4 
8.7 
9.2 
CONDUCTIVITY 
2,800 
710 
900 
900 
1~}390 
250 
200 
99 
300 
300 
450 
850 
400 
600 
89 . 
7,200 
FOOD 
Diatoms and Blue-greens 
Epiphytic Diatoms 
Plankton 
Plankton 
Bottom 
and 
Epiphytic 
Algae 
Nannoplankton and Bactcr' 
Bottom algae 
Plankton 
Plankton 
Plankton 
Plankton 
Plankton 
Plankton 
Soft bottom mud. 
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APPENDIX C5
 
OPEN LAKE SOUTH EAST OF LUKALU ISLAND 
Bottom Set Gillnets Showing Catch per Net 
MONTH IAN. FEB. MAR. APRIL MAY JUNE IULY AUGUST SEPT. OCT. NOV. DEC. IAN. 
NO. OF NETS 10 20 10 20 10 10 10 9 - 20 - 10 10 
SPECIES : 
Mormyrus kannume 6.6 9.2 13.3 5.9 11.5 4.5 7.7 3.9 - 4.75 - 4.2 6.4 
GMthonemus longibarbis 0.2 
-
0.1 1.85 1.5 2.2 1.7 0.4 - 1.2 - 0.7 0.7 
Bagrus docmac 
·. 
0.3 0.6 0.4 0.25 0.3 0.1 0.4 0.1 - 0.2 
- -
1.1 
C/arias mossambicu3 0.2 - - 0.1 - - - - - - - - -
Synodontis victoriae 
- - - - - -
- 0.1 -
- -
0.1 0.1 
Synodontis afrofischeri 
-
0.05 - - 0.1 - - - - - - - -
Schilbe mystus .. 0.1 - 0.2 0.1 0.4 0.1 - - - - - 0.1 -
Btubus radc/iffii 
· . - -
0.1 0.05 - 0.1 0.1 0.2 - - - - -
Haplochromis species 7 3 8 2.9 4.7 2.4 5.4 2.1 - 1.85 
-
2.4 7.8 
Labeo victoriae 
·. - - - - - - - - -
0.05 
- - -
,.
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WEIGHfS OF PROTOPTERUS TAKEN FROM NANTANGO DAM
 
Lbs. NO. 
O.I~.9 58 
1-1.9 22 
2-2.9 5 
3-3.9 9 
4--4.9 12 
S-5.9 3 
6-6.9 9 
)I 7-7.9 8-8.9 4 2 
9-9.9 3 
I' 10--10.9 2 
11-11.9 2 
12-12.9 3 
13-13.9 
14--14.9 
15-15.9 1 
16-16.9 2 
17-17.9 3 
18-18.9 4 
19-19.9 1 
20--20.9 1 
21-21.9 
22-22.9 2 
23-23.9 2 
24--24.9 
15-25.9 
26-26.9 
TOTAL •• 151 
TOTAL WEIGHT 679 LBS. AVERAGB WEIGHT 4.5 Lb. 
! Data supplied by the Uganda Game and Fisheries Department. Lil
 ~~----_. ~._._----_.- -_.
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'APPENDIX C. 
FISH INTRODUCIlONS INTO LAKE BUNYON! 
Worthington (1927) records, "270 young 'ngege' introduced iD 
Lake Bunyoni from Lake Edward." The District Commission< 
Kabale, who made the introduction stated that these were Tilapia mlotL 
(It is possible that T. leucosticta and Haplochromis spp. were includ 
in this transfer). 
1928 (Annual Report of the Game Department 1928-para. 28: 
" 1,000 "ngege" introduced from Lake Edward by the District .cOl 
missioner, Kigezi." 
1930 (Annual Report of the Game Department, 1930- para. 20' 
"further attempts have been made locally to introduce "ngege" in 
this lake." Presumably the fish were again brought from Lake EdwaJ 
December, \932. (Annual Report of the Game Department, 193: 
" About 100 " ngege" (Tilapia nigra) from Lake Naivasha were SUccel 
fully introduced at the end of the year." 
(The Annual Report of 1934-paras. 350-357 states that both Tilo} 
nigra and T. nilotica had established themselves, but whether the iden 
fication of the fish was correct is not known. The Annual Report 
1935-paras. 422-435 makes it clear that there were alreadydout 
about the T. nigra having survived). 
In 1936-Annual Report of the Game Department-300 Rainb<l 
Trout were released in Lake Bunyoni. 
In 1944, 200 Tilapia esculenta were introduced from the King's lak 
Kampala. It was thought at the time that these were Blue-gills. Lal 
Victoria Haplochromis were probably introduced along with these fry. 
It appears from all reports that Tilapia nilotica is the -only TiJap 
which bas survived to the present day. 
a$* $ 
Data supplied by the Uganda Game and Fisheries,l?ePartment. 
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SUMMARY AND. RECOMMENDATIONS 
Progress has been made with a number of problems; a comprehensive. 
Its 
series of hydrological data have been collected throughout the year. 
from Lake Victoria; as a result, a better understanding has been gained 
of the complicated water movements occurring in this lake and these 
movements have been related to the variable growth of plankton in 
certain areas of the lake. 
Studies on the various chemical factors affecting the growth of algae 
have been continued and earlier results concerning the lack of sulphates 
have been confirmed. Moreover, our suggestion that lack of sulphates 
may be a factor affecting production from African soils has been con­
sidered by the agricultural chemist at Kawanda ; his preliminary in­
vestigations show that in almost all the surface soils examined sulphate 
cannot be detected and that organic sulphur is present in very small 
amounts. Consideration of this problem is being carried a stage further 
by work in progress at the Animal Health Research Centre, Entebbe, 
where. tests are being carried out on the value of cattle licks containing 
sulphates and other minerals. The full significance of these findings 
together with our own have yet to be assessed in terms of potential 
increases in the production of crops and livestock following appropriate 
fertiliser trials. 
Data on the growth rate of Tilapia indicate that the quality of the 
food eaten may be more important than the amount. This point is 
illustrated by a comparison of the growth rate of fish from Lake George 
.and from the Kavirondo Gulf of Lake Victoria. The former are growing 
faster, although they are apparently eating less food which is actually 
digested. The digestible food eaten in both cases consists for the most 
part of the same species of diatom. The lack of sulphates in Lake 
Victoria may cause the diatoms in this lake to develop with the minimum 
amount of sulphur containing amino-acids in their protoplasm. This 
could be a matter of great significance to the Tilapia.. their food is 
already bulky and any deficiency in its composition may make it extremely 
difficult for them to feed at a rate high enough to satisfy their need for 
these particular substances. Proof of this hypothesis must await full 
biochemical analysis of these diatoms and certain other food substances 
eaten by these fish. Unfortunately, such special investigations are 
beyond the present resources of this organization. 
It is becoming evident that more attention must be paid to the theory 
put forward last year that in a tropical lake fertility is, up to a point, 
determined by the number of herbivorous animals living in it. Over­
fishing must be considered a very serious matter if it causes not only a 
reduction in the numbers of fish, but leads also to reduction 
in the actual fertility of the water. All the available evidence 
. shows that a very great reduction in the numbers of fish in Lake Victoria 
has occurred during the past forty years. When gillnets were first 
used in the Kavirondo Gulf it was usual to catch about thirty Ti/apia 
per net. Now the average catch per net is less than two. The catch 
from a gillnet can be used as an approximate and empirical measure of 
the density of fish populations. Commercial catches have been main­
tained in the Kavirondo Gulf by using more and more nets year by year; 
43 
/there is clearly a limit beyond which this cannot go. It seems that this 
Ilimit has almost been reached. The introduction of nylon and terylene 
;; nets, which are more lethal than flax nets, may help to maintain the 
. supply of fish at its present level for a few more years, but a decline 
in the fishery must be expected in the near future, unless suitable action 
is taken. The urgency of the position has been underlined by the results 
of marking experiments carried out by the Lake Victoria Fisheries 
Service on Ti/apia in the Kavirondo Gulf. These show that it may 
take as long as rour years for these fish to reach minimum breeding 
size, therefore a rapid recovery of the existing fishery cannot be expected. 
Experiments by the Uganda Game and Fisheries Department have 
shown that T. zil/ii, which eats water weeds, does extremely well in dams. 
rate of growth exceeds that of other Ti/apia. It is tentatively 
suggested that this is due to the quality of their food; as these weeds 
have their roots in the mud, they have a better supply of nutrients than 
has the plankton. A proposal has been made that T. zil/ii should be 
introduced into the Kavirondo Gulf, in the hopes of ameliorating the 
present situation. It is believed that these fish will not adversely affect 
the other Tilapia as their feeding and breeding habits are different from 
those of T. escu/enta and T. variabilis. 
All available data have been collected and examined regarding the 
factors affecting the onset of maturity in several species of Ti/apia. 
These fish when grown in ponds and in certain lakes tend to mature 
at a small size ; from the commercial point of view this is highly un­
desirable. It is thought that the onset of maturity is accelerated by 
exposure to strong light. Analysis of this light factor is difficult as 
allowances have to be made not only for the depth of the water, but its 
turbidity and the opportunities open to these fish to find shade under 
vegetation or elsewhere. 
A very thorough investigation of the physical and chemical condition. 
obtaining in papyrus and water-lily swamps has been made by Dr. G. S. 
Carter while working with this organization. The papyrus swamps 
are totally unsuitable for fish other than those than can breath air, as 
the water in them, from top to bottom, is devoid of dissolved oxygen and 
contains very high concentrations of dissolved carbon dioxide. Condi­
tions in the upper layers of the water-lily swamps are suitable for fish, 
but they deteriorate towards the bottom and as one approaches the 
papyrus swamp. 
Many fish inhabit the water-lily zone ; in parts of these swamps Tilapia 
go to brood while carrying their young and here also the very young 
Ti/apia live a free existence for a considerable period. What causes 
these young fish to leave'the swamps after a certain period and seek 
food in the more open waters of the lake was, and perhaps still is, a 
matter for speculation. However, it is interesting to note that, after 
rain, inflowing water from the shore drives some of the "foul" water 
from the papyrus swamps into the water-lily swamps. This influx 
of deoxygenated water may compel many fish to leave the water-lily zone. 
In this year's Annual Report by the Lake Victoria Fisheries Service 
there is an interesting graph correlating the rainfall with the numbers 
of fish caught by the African fishermen. When the rainfall is high 
large numbers of fish are caught. It is possible that this too may be 
oM 
explained, at least to some extent, by fish being driven out of the water­
lily zone. 
The shade caused by water-lily leaves greatly restricts the growth of 
phytoplankton which might otherwise develop in the littoral region. 
Thus in this zone there is relatively little of this food available for fish. 
There is no doubt that the clearance of swamps, particularly the papyrus 
swamps, would lead to the production of more fish, but the mechanical 
difficulties involved in the removal of papyrus swamps are great, and 
this is ·usually only attempted in small areas close to townships, as a 
mosquito control measure. 
lfthe yield offish from the East African lakes is to be increased, positive 
measures will have to be adopted to increase their productivity particularly 
in those lakes where fishing is carried out intensively. Swamp clearance 
and swamp reclamation must be considered as one possible measure. 
Swamp 'reclamation can probably be achieved by filling up certain 
swamps with ferti~e lake mud and so turning useless and dangerous 
areas into fertile market gardens. Drainage from these areas would 
increase the fertility of the lake waters. It is not perhaps fully realized 
that the products of soil erosion and the leaching of the soils of Africa 
are not irretrievably lost; they are for the most part contained in the 
bottom deposits of the lakes. 
Further work on mollusc-eating species of Haplochromis has yielded 
encouraging results. There are good reasons to believe that some of 
these fish may help considerably in controlling the numbers of snails 
in dams and ponds and so lead to a reduction in the incidence of bilharzia 
and cattle liver fluke. 
